The effects of a typical glaze ice accretion shape on the performance of the M2129 S-duct inlet are computationally 
The effects of the rime ice accretion, which had a more streamlined shape, on the flow field and performance of the M2129 S-duct inlet were almost negligible /16/. However, a more significant total pressure distortion at the engine face and a more substantial degradation in the inlet performance occurred with the glaze ice shape due to the stronger flow separation from its ice horn. As noted earlier, a diffusing S-duct has an additional disadvantage of flow separation due to streamwise adverse pressure gradient in the diffuser. Therefore, the combined flow separations which were caused by both the inlet icing and inlet-duct geometry contributed to a more serious distortion problem at the engine face at the 
Numerical methodology
The M2129 S-duct inlet consists of a diffusing Sbend and two constant-area parts with circular-cross sections, as shown in Figure 2 . The geometry of the inlet was taken from /19/ and /20/. The centerline of the S-bend part is defined by Eq. (1): In addition, as shown in Figure 4 , the rear part in the upper-glaze ice horn, which forms on the outside of the inlet lip and exerts no influence on the duct internal flow, was further simplified. Figure 5 shows the 3-dimensional modeling and mesh generation for the clean and glaze-iced inlet lip. 
Validation of Numerical Solutions
The validation of the numerical solutions by Table 1 .
As shown in Figure 9 , the total pressure recovery result by STAR-CCM+ is compared to the experimental data and WIND-US result. The totai Both the clean and glaze-iced inlets were tested, and the inlet lip and far-field region were included to the meshes in order to simulate the ice on the inlet lip.
The inlet size and the inlet-lip shape were taken from /10/. Based on the glaze cases, the total cell number of the coarse mesh was about 15 percent of that of the fine mesh, since the mesh covered only half the geometry according to the symmetry plane with fewer nodal numbers as shown in Table 2 .
STAR-CCM+ solved the fine mesh cases, while FLUENT was dedicated for the coarse-mesh cases, using the same turbulence modeling, the SST k-ω.
Other computational parameters, such as boundary conditions and solver choice, were set up as listed in the previous section. Table 3 Free-stream Mach Number, ~ 
Overall, the glaze-iced inlet induces higher DP levels compared to the clean inlet at all free-stream Mach numbers, and this fact was noted earlier in the engine face distortion patterns shown in Figure 11 .
In addition, the difference between the DP levels 
Future Work
We intend to relax our simplifying assumptions such as axisymmetric ice shape around the inlet by introducing asymmetrical ice shape that wraps around the inlet lip. We also intend to investigate the effect of flow angularity with angle of attack and sideslip on the flow qualities of an iced inlet. The steady-state assumption about the ice shape needs to be relaxed with time scales related to ice accretion.
Therefore, a time dependent approach to temporal ice shapes and formation needs to be investigated. This category of externally-generated disturbance can be another source of the dynamic inlet distortion 734-35/.
